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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
recording medium which considerably reduces transition 
noise in a multilayer magnetic recording film, has 
excellent S-N ratio and is suitable for short-wavelength 
recording. 

SOLUTION: The magnetic recording medium has a 
perpendicular magnetic recording film 5 comprising an 
artificial lattice film formed by alternately stacking Pt or 
Pd layers and Co layers and containing B and O. 
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— PtBO:0. 6nni 
— Co BO: 0. 6nm 
^-PtBO:0.6nm 





s mmmmmm 



-Co BO: 0. 6nm 
-PtBO: 0. 6nm 
-CoBO: 0. 6 run 
-PtBO: 0. 6 nm 
-CoBO: 0. 6nm 



4T%«(Pd:20nm) 
3&*H(Ti:1nm) 
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1 

SKlSUiSftfcAnfryiRjfcSfcO, B&tfOSr^L 
[§i*12] ±EBtt, iBfXK±l 5lf%KT 

©«HTfr*an, j.o±ieo«. o. iif%Fi±i 
on^ xaTouimsns - 4:*#«£T*w# 
m i e«<o«^e»j*#:. 

t*#»i:-r^«*^ 1 GttOtt&EftJStt. 

d. Pt, Au, Ag,- Rh, ^L<ttl rT'&ZZ\£: 

&¥f®L£TZ>m#m 3 Ett<z>a&e*iKtt. 
&&m£?zmxm 3 EttosAEftKft:. 

[If?** 6] JiEBtt, ll)|C^%£JLh3 0i^%«T 

om : ?%&>T<D&m-c<£m2nzzt$:¥fni~f sts* 20 

[W**7] ±E»«E»Jilc*fLT. iB^^rMiB 

[if** 8] ±IEffi^**iSS*-r-5^JS«, P 
d, Pt. Au, Ag, Rh, iKIJI rts&Sui 
3 »** 7 EIROflBAEflUitt. 

[M*JK9] ±EHMtttli. SiO z . A 1 2 0 3 . M 
gO, T i O a , Li z O, CaO. ZnO. Z r O, Y 30 
2 0 3 . H fOta65u t -f5W** 7 E«®& 
SCE»&#. 

[81**1 0] ±KaYt»tt. S i 3 N 4 . A 1 N, B 
N, TIN. ZrN. GaNTSS^t^SittSlt 

* 7 mmom^mmmft. 

[»**1 1 ] ±Eft<t«tt. S i C, T i C, Z r 
C. TaC-T?**£i:*4«ft£-r*tt#*7E«©«3B 1 
E»&#. 

[»** 1 2 ] ±ETtt«©*TKK«ttJB*»A* 
££*4*«£T*»**8E*©««E»«E*. 40 

[«** 1 3 ] ±E«fflH4B«. N i F e , C o Z 
r. FeN, 1 FeTai»6ft«Ct*»i 

tT* 111**1 2E»OB8Bii». 

[0 0 0 1 ] 

7, 7nyt- (satfts) t^t.?, ytmm. 

[0 0 0 2] 

[€6*©s*rr] ttAefttt#eHr«iiinai9(e*B. so 
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Efi&tif Sfi© A &m\ t\Z ft o T . eMMktfKIH ©313® (C 

[0 0 0 3] CCD, ttfleM**i=tt-T'59fflB£B4 
O^SSfttS? S® 1 LI, SflMBSEflW 

LT, CoC r-&^tj£<Sf^$tlTV>S. 
[0 0 0 4] L^b^e. SiKJB&EBfliBSEfltJK 
#©lttWtiLTCCoC r^^CDSiie^S^'tt 

[0005] coiBH**»t"r«fc«)Ktt. sisi&jse 
coip txttPdt*3tst:ajiLfcaji«ttJi*»* 

•5. 
[0 0 0 6] 

[^^^Stbcfc^i-r-S^S] 4>*5Co 
t, P tXSPd t*3£SK«JBUfc««l«StE»Ji* 

[0 0 0 7] Lfdbt, *«9itt, j&^Sjftfc**. 
Cot. P tX»4Pd<fc*£SK:*JBLfc*]ie«E» 

»t*r*«»E*«E*K*ir>T, aunBAEMic* 

-fX*«**lciiM>S ft, s/Nfc«ft&JE« 

[0 0 0 8] 

PtlfKBPdli:. CoM£*(£££fltA 

[0009] *xmtz*zmsaBmmim*. iie^ie 

SitLT, Ptl^KHPditCoitOT: 
SWSftifcAltt^il^&fcO. tS SKBRtfOS^F* 

[0 0 10] 

[0011] 01 *#RRLT*3fiW©*lfiO»ffi©-« 
Srl^BJ-r^o HlKSUfc««E»«tfrlJ4, *«2 

i, **2.t»c»jssftfc8*ji3£. mmm3±izM 
f$.istitzTi$im4£. Tt&m 4 ±.\zMj&-2niiLimmm%. 
immst, snaiaii 5 ±i:m$ ntsu 6 
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[0 0 12] S«2tt, «AEflHK#®a&fC£9Jitt 
[0 0 13] ft*fl3tt. W2tT*I4<t(Oi^ 

[0 0 14] T«I4I1. jS^i*«ji*#f-5^SS: 
UrfrlfttCte, Pd. Pt. Au, Ag. Rh, Ir5| 

0 nmtSftS. 

[ o o 1 5 ] mmmmmm 5 a. ptistcoiAs 
j&Lfcfia««E*ffl<DS*«oi£snT^*. mi 

m^i5^^5«. rem «Atf»3*!. 0. 6nm 
©Coli, 0flAtfJP£7i*O. 6nmfflPtIi^, 

ftfn2 0if-3sai:«iSftTtt5. pti 
[0016] ««« 6 a. ttjia&EftJi 5 ±iz&mm 

«SftTl>S. CW#§f)i 6 LT«, «*-«C 

51t>5:tA5Tt. ^<0JP£te, #JxJ£ 1 0 nm-Cfc 
-5. 

[0 0 17] CCT?, cro8£»Eg*S*#:lte, ft^ESm 
Efi&Jl 5 *«iE-«)J14't:B7C*Rtlt07C**#*"r* Jl £ 

[0018] COB&tSfltKflc 1 tt. fMBAESM 5 

H«ft^©aMW9«:«S:t*i;S-&*. -ton*. CO 

[0 0 19] CCT. «BJKtCia^JS 5 C&l?«B7C 
*fttfO5c*0>-&**tt» B7C*(CML-T«. lJSFFX. 

[0 0 2 0] emt *»«S[E*Ji 5 Btc 
CALLS** -e-ix, fXJi 
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S. ^©ISm. lETFifcO. S/NjWE 

[0 0 2 1 ] -f-UT. ±i£Lfc^#^tt. f»J§«£EESt 
!5©§P t»R^#CoJUciJ^-C±iCL/fc«Hd:S 

n*. a&Eftiitt lTit aiafteiisoftp t 

BMSColC, ±i£UfeiSBT»B7ciSI£##£-t£-i> 
£ £ K J: 0 . ±3£ U K » * Jl £ **T? * a 

10 [0 0 2 2] f-fc. 8MH&AEStJI5cp-K:£t?<5 07cS 
0. lgf%K±- 10Mf%KTit5 

[0 0 2 3] :nil 8WIS[eRM5>t>i:«(t«Ojc 
*^#**t. lMT%*pTrfea«^fctt. BKte^tr 
**p t if sutc o fif ©MSf Wftl4it$+»i: 
i6i±*-&*ctA«r*«ev». fit, ^©fum, 8M« 

SEJM5C*»?S»»/'rX£tt4>3-&. S/NJt* 
20 1 0S-?Xi0t>*^»"&fCtt. «*l©07El)SA*IS 

[0 0 2 4] fit, ±iffiUfc***H:. SMttaiEflk 
J15C0S-P tS&tf#CoSK*5^T-ti£Lfc«iB<i:2 

n*. safesift i Tff*. am&AEftJi sogpt 

30 [0 0 2 5] ±JEL/fcT»Ji4tt, H2»C*-rj: 

ofc, ±5SLfc»t**tB7c*a^07c**fr*rL/fc»fi- 

«figsn-5Ct(cJ;0, P tisa:coi^eft5»i 
««E*»5K:*6n*a^y-f x*«**-&. s/n 

»4**B7C*R^05E**#*-r«Cl£C«k»3. ^CD^ 
fift<Dffl:£tta*i*»&5n. SKTil4±C)8*Sn5 

*• 

40 [0 0 2 6] CCDi#, iiMLfcT^Jf 4tpfCi5«-£B 
7C*RtX07C*©*#*tt, Btc^(CB8LT«. lRf 

[0 0 2 7] cnti. T%B4^(C*3tt-5B7t:*C0-g-^- 
50 » 4 B7C*©«a«, 3 0HC^%=fc0 
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0 S/NJt««fiT-r*^6T?»*. 
[0 0 2 8] T*^4"4'tC^#$-t±5 07C^<7)fiJ 

0. lR^XfiU:, 3 OK^XEtT.fc-r* 

*», lW^X*»-C*4*^»Ctt. TiftB4©«S*i© 

KiBj&snsflMra&GftJi 5 o»aeofflsttt*«+» 

K*«>SnfcH. tl/T, ^-cd^*, KMNEM5 10 

aa**»*^tj&«Tr€f«:v^6T»*. t*b 
tun. a««aie«i»5ott»tt-t»--fX3^j^-tfto 

[0 0 2 9] -eLT, ±a!L,fcB7C^B:tX07E^^'&* 
S6M4i:^#fflT-5Ci(r«i;i9. «BBSiE&B 5 lc* 

znzm&y^x&fc'pzit. s/Njtsift±s-a-*a* 20 

[0 0 3 0] ifLfcT*|4lt Pd. Pt. 

Au. Ag. Rh, I r (OE'i>5i^fl!iS©^S©<Brn*> 
<h, S i O z , A 1 2O3. MgO, T i 0 2 , L L z O, 
CaO, ZnO. ZrO, Y 2 0 3 > HfOffflMO 

0, p t»a^coii^6<6*siJHBaia»ji5&*-r 

-5^i75iT-^-5. Sfc. ±J6Lfctt^«»tt, Pd. P 30 
t. Au, Ag, Rh. I r <7>W'fr5£:£«ig©&JR<0<Br 
*U5>£, S i 3 N 4 . A 1 N. BN, T i N. Z r N, G 

d. Pt, Au. Ag. Rh. I r <0®<C.\fc£*tjg<D& 
Jg<7){5m^t. SiC, T i C. ZrC, TaC§fflR 

Pd. Pt, Au, Ag, Rh, I r ©M-CxfcfrtSjgco 
^HCOforn^i:. Si0 2 . A 1 2 0 3 , MgO. Ti 
O z . L i z O, CaO, ZnO. ZrO, Y 2 0 3 , Hf 
0»CiftllO|iTnii». t®a^*t»0»-&tBI*<DS» 40 

[0 0 3 1 ] S^f'. £©««E»«tf:K*S^-Ctt. ± 
JfiU&*^«»36>6«:*TiftJi4&fllA**^K, 0 3 
fc«-r«fc 5 KTttB 4 OTiSTiC. -Tfcfc^SfBBSlEi* 
■ 5tS»«»rttKttJl*EL/Tt>At». as. sate 

tfcB14B<h, 11Jia&GfltJ|5&CDIHfC. 
±S£Lfc«^tt**^5&*T«!B4£«**ca:-e, B 50 



**W2 002-25032 

6 

«(B«HlT?»*f *y-fX*«KTf 5:tM#4. T 
«»EflUi©/-f X*J*JoS-tf E 

[0 0 3 2] C©it, *£*HBW»efc<5TJfi*4<0JP 

"f, 3 0 nmiOfV^&H, «il»EgI5i. 

«^K:tt, »^*ma»S£*Til&Ji4<BJP3tt. 1 nm 

[0 0 3 3] H3 0«Tf4..tt«tt»4:UT. 
NiFeSifflK ?S£*ffiB£:LT> MAtf. J*S*« 

2 0nmO (Au + SiO z ) B£rffl^, «IgI£f 
I5i LT, M^.tf. 0. 6nmOPdit, 

B2&> mZJiZ. 0. 6nm«CoIW, ttl^tl2 

[0 0 3 4] H3fC$3^Ttt, ftBttBtLT. 

CftfClE^SnS CoZr, FeN, NiF 

e TafSffi^5C!:feTf5. 
[0 0 3 5] 

[0036] <^mm 1 >^mm 1 -rn, «bb«e» 

«-C**Sitt«ft:itKB7C*&CX07C*S-&#$*fc« 
[0 0 3 7] fiS«ES«E#:tt. »€E2. 5 -f 9 

BOifiJ*, *?Jj£tt. (CoBO:0. 4nm/PdB 
O:0. 6nm) X20/Pd : 20 nm£U 0 4(C 
ST«iE««a>Sfc*B«E»«# 1 SfMSLfc. 

[0 0 3 8] j&K«fttt. XAy * U >^HftSiJ»*^ 
ft : 8 X 1 0" 5 P a. SA1^3 : 1 2 OWiLfc, X/ 1 ? 
yj"J>^-yyH4. T«I4MI;tt. Pd*— y* 
vK JXBB&E8B5/ilfCH:. H4CSTJ:3R:Co 
h-t&tfPd*— h _LK: 1 cm^OBfy 

Rtt, A r gilt C*5UT 2 P a ^^ET 

fjir*. fflsmm&mm 5 oameu. (Ar+o 2 ) #h 

a c P(C*3^T2 P a©X/1y*#XGETfr-3fc. Art 
0 2 (0S4«»It0 2 /rA r tt, 0. 2%i:Ly u c < , 

[0 0 3 9] Sfc. ff&UfcBJMBftttttlOMIttft 
E»B5«fK:*Jj-*B?c*atX07E3(fCD****ft:^» 
#T, x^.;i/^— ^ffitttX^ (Energy-dispersive x-ra 
y: JWT, EDXiif*. ) Rtf— *-f ;t>ft*£-#T?r 

(Secondary ion mass spectrometer : £AT, SIMS 
tn?^. ) (wJ;0P^fc<hd^5. Btc^cd^-*^«, 3 
HC^T'&O, 07C^©-^W^«. 0. 3If%T*ci 



(5) 



¥fM2 002-25032 



8 



Ac. 

[0 0 4 0] ±EK*J^Tfts»Lfc«»K*lfc#l©S 

#ui^7 Kutf-raffittausau 5m/seci: 



♦ assessa^yH (mr^ k) tmwsomh 

OMHz©g^t, 0HzA^80MHziW-fX 

L Ac y -f X»« £ <Dit 
[0 0 4 1] 

can 





Jf til J$ 


He 


S/N 


mm 


( Co BO-0. 4 nm/ Pd BO-0. 6 nm ) X2 0 
/Pd-20nm 


2.0kOe 


28dB 




( Co BO-0. 4 nm/ Pd BO-0. 6 nm ) X2 0 
/PdBO-20nm 


2.3kOe 


30dB 




(CoBO-0. 4nm/ PdBO-0. 6nm)X20 
/(Pd+SiO 2 )-20nm 


2.0kOe 


30dB 


3fcl60!l36 


(CoBO-0. 4nm/ PdBO-0. 6nm)X20 
/(Pd+S i0 2 )-l Onm/Ni8oFe 15 Ta 5 -20nm 




32dB 


. 


(Co-0.4nm/Pd-0.6nm)X20 

/Pd-20nm j 


3.4kOe 


12dB 



[0042] nmm 1 -c&n t-tammmm^ 1 «. h 

»*. S/NJ42 8 dBtftffttiaSr*LT^*. 30 
[0 0 4 3] <5ftK«2>TJ6JB«P t &LfcC£EW 

[0044] ±mz^rf¥wiLfzmmimm^mm. 
iztzz. mmm 1 £ ra*©»*a«» 6 nAc. 

[0 0 4 5] <*««3>T*i*Aui:l/tCi£W 
[0 0 4 6] ±IEK*^T^»^fc«8«IE»«#«)Sa 

His^y i <t s nfc. 40 

[0 0 4 7] <»B«4>T*li«AgtbfcJlteW 
[0 0 4 8] ±EK*V»Tf^»bfc«»E»«t#©Sa[ 

sisiofti^Hc, -rx©its/N*W'« 

[0 0 4 9] <*MW5>T«!Jl*RhtbfcCi:6t^ 
[0 0 5 0] JilSC*V>Tf^«L,fc»»E»lifl:<0*iB 
fcti5, SB6«l<i:n*©3a**«#6nfc. 50 



[0 0 5 1] <mffiM6>Ti&m$: I rtLfcCtW 

[0 0 5 2] ±KK*^Tff«Lfc»»EfMI*©fitt 
J|Sl©ffil^Hc, -f X©i£ S/N £||-< 

i c 5 . mmm 1 1 s n*t. 

[o o 5 3] <saw7>*w!7'ctt. iieatei 
mT-&%mm.mitm£, t&ji twsx^fcB drifts tfo 

[0 0 5 4] B5E*8K{$ft. *lt« 1 tlWcUTf^ 
§SLAc. SHCDfflfig. WAR. (Co BO: 0. 4 nm 
/PdBO: 0. 6nm)x20/PdBO:20nm 
iU H5K«-TWfffi«lifi*»6a:*«aE*«E*l*ff 
SSL Ac. 

[0 0 5 5] ^ny* U >99—>fy h«. TSfi§4« 
Ktt, 06fC^-r«t-5fCPd^— y«> h_hfC 1 cm^© 
B^-7X*4(SiBMS*Ac^-y-v K liiaiEii 

^_y y hitc i cmft<0B?i»yt4IEI3*W 
-y-y h£fflt>Ac. 

[0 0 5 6] Sfc. fPKLXiBfteflUKff lOflUIBA 
EHJ1 5 * K4stt« B7E*a^05E*©****fl:*» 
W, EDXWS I MStc=fcDIS^Ac<i:;L3, Btc^cD 
^W^tt, 3^%T*0, O7C*<0-&#*tt.- 0. 2 

[0 0 5 7] ±fB(C«fr>Tft*»LfcttAeftftttl®a 
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i tcef-a-Tsr. z\cx, s/nk. mjs 

[0 0 5 8] *tt«7Tf|s»Lfc«»e»flE#tt. SUSS 

«sj i r f^s l fcm^iB^«^ =t o %> £ 6 (cs^ y -f xa* 

KfStl, S/Ntt3 0 dBiAffftltwbTH*. 

P dTi&Jf (C^BTniS&tfOTcSii 

*o±l:8til/tCo/PdSlia 

©is*. -rxa«iM>u 

[0 0 5 9] <««8>T*i*P t BO£Lfc££ 

emu, **«7tH«»cLT«aaE«mt#*fp«u 
[0060] ±mz&\,*Tftmsitm$s.fzmm#<?>mm 

[0 0 6 1] <*SS0iJ9>Ti&Jf £AuBO£LfcT£ 

[0 0 6 2] ±EK*t»TfP»Lfc««KS«M*:©attI 

[0 0 6 3] <*Jfi«l 0>T«SI*AgBOiL/:C 
ft. 

[0 0 6 4] ±EKiSlr»-Cf^«Lfc«aE»«fr©®i» 
^I^CD^e^jHc, Rtfft^/'fXOTitS/NSSl^ 

[0 0 6 5] <j£;5£0ijl l>T»l«RhBOtl/tC 
[0 0 6 6 ] ±ECiJV»Tf^«bfc«»E*«t#OSa[ 

fc t c 3 . H5gc»j 7 £ m&ozh&tim *> tut. 

[0 0 6 7] <nMMl 2>Til!lJf £ I rBOtLfcl 
fcEWWi. jHfi«7tH«fcUT«aE*«t#*ff«L 

ft. 

[0 0 6 8] ±KK*>>TfE«L&fflg5E»flMfr<D£tt 
*[Sj©«a^Hc, &iXfll^y-fX©Jts/N*w^ 

[0069] <*86« 1 3 >mmm 1 3 -rtt. mmmn. 

E«li«J»t*lt*B5c*<0$**d«, S/NK-^A-Si* 

[0 0 7 0] 3Mffi»EftS*(C«t* 
-S>Otc*OT^*^$:0. 2S^%(C@^L. Btu^O# 
t^Ogf^. 0. 5HC^%. 0. 7Sf%, 1 
X. 1. 8IC^%, 3^%, 4. 3R?X, 5^% 
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©«»E*«#:*ffSILfc. S-ffcDOjsS. iHJS 
Mltl?«l: (CoBO : 0. 4 nm/PdBO : 0. 

6 nm) x 2 0/Pd : 2 0 nmil, 04fC^-T»f® 
fllifiA* 1 £f£KU£:. 

[0 0 7 1 ] MreKGM5 4'K:«t?<5B7cX&£* 

©R-eiWfUU 05c*©"Mr*tt, Ar£O 2 c0»»flit 
SJt (O z /Ar) KJ:0©tf3pLfc 
[0 0 7 2] e^Eft«t# 1 roWjgfiSaESJB 5 «frK*S 

— #$H4Xig5l (Energy-dispersive x-ray: EDX) &. 
Zt—$Z^( #>fHkfttir§t (Secondary ion mass spectro 
meter : S IMS) *fl!HTl8£«k:/*WHfc. 
[0 0 7 3] ±EK*lr>TfEBOJfc 8 

[0 0 7 4] i7<tt). B7C*<DtStt1!filM¥%<f>tt 
T-5B7C^©§Slf-^-*^«, O7c^©#**^0. in? 

[0075] K±©tt*^&. mmmsz.&mmvte&m. 

■T-SMstS-a-SfcJ&fCi^g^BTcSKD'&^tt. lBf 

7 PdB Oa>S;&STJftB©i&S&^a*ffi3£{fc 
30 t«*frtP9-T?»ofc. 

[0 0 7 6] <HSS0tJ 1 4>*J£0iJ 1 4111 «M«A 
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0. 31^. 0. 3 7gf%, 0. 4 8*?Xi«ft 
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[0079] i <nm.mm.mMm.rn 5 *k*s 

50 #fU&. 
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[0 0 8 0] ±ffiK*^Tf£»Ufc8a«©«aUE»*S 
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E»*"C»SfiB«{bKfCB5c*Rtf07C*£^*rS 

5 6lcTDfii<!:bTPdtS i0 2 i^^Kl 20 

[0 0 8 4] ffi&Efltttft:©»Ji©&J& «J&tt, (C 
o BO : 0. 4 nm/P dBO:0. 6nm) X20/ 
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[0088] mmm 1 5 t^s \,izwsuBmmfc 1 «, 40 

X*ti&#Sn, S/Ntt, £ttm<a&a£ft«K#&t3: 
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[0 12 3] <HM^J3 2>TifcH £Pd + S iCiL 
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fESLfe. 
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C. ZrC. TaCf<D^{t«©i»MT^. t©1£-&*ffi 
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[0 14 0] <HOS0iJ3 8>«BffiI*FeNil/t: 
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[0152] rnecciio, #/W*rJS*tt. Btc^ 

-t©«!i»»»y-fX*««^L. S/Nft*|4|±L&<b 
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[0 9] 0^*«3^#*£S/N£©H«S3K"r**ttH 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium 
which considerably reduces transition noise in a multilayer magnetic 
recording film, has excellent S-N ratio and is suitable for short-wavelength 
recording. 

SOLUTION: The magnetic recording medium has a perpendicular magnetic 
recording film 5 comprising an artificial lattice film formed by alternately 
stacking Pt or Pd layers and Co layers and containing B and O. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic-recording medium characterized by having the vertical-magnetic-recording film which Pt layer 
or Pd layer, and Co layer consist of artificial grid film by which the laminating was carried out by turns, and comes to 
contain B and O. 

[Claim 2] Above B is a magnetic-recording medium according to claim 1 characterized by containing in the range 
below 15 atom % more than 1 atom %, and containing Above O in the range below 10 atom % more than 0.1 atom %. 
[Claim 3] The magnetic-recording medium according to claim 1 characterized by having the substrate layer which 
consists of an ingredient containing the metal which has face centered cubic structure to the above-mentioned magnetic- 
recording layer. 

[Claim 4] The metal which has the above-mentioned face centered cubic structure is Pd, Pt, Au, Ag, Rh, or a magnetic- 
recording medium according to claim 3 characterized by being Ir. 

[Claim 5] The above-mentioned substrate layer is a magnetic-recording medium according to claim 3 characterized by 
containing B and O. 

[Claim 6] Above B is a magnetic-recording medium according to claim 5 characterized by containing in the range 
below 30 atom % more than 1 atom %, and containing Above O in the range below 30 atom % more than 0.1 atom %. 
[Claim 7] The magnetic-recording medium according to claim 1 characterized by having the substrate layer which 
consists of composite material of a any of the metal which has face centered cubic structure, an oxide and a nitride, or 
carbide or to the above-mentioned magnetic-recording layer. 

[Claim 8] The metal which has the above-mentioned face centered cubic structure is Pd, Pt, Au, Ag, Rh, or a magnetic- 
recording medium according to claim 7 characterized by being Ir. 

[Claim 9] The above-mentioned oxide is Si02, aluminum 203, MgO and Ti02, Li20, CaO, ZnO and ZrO, Y203, and a 
magnetic-recording medium according to claim 7 characterized by being HfO. 

[Claim 10] The above-mentioned nitride is a magnetic-recording medium according to claim 7 by which it is being 
[ they / Si3N4, and A1N, BN, TiN, ZrN and GaN ] characterized. 

[Claim 1 1] The above-mentioned carbide is a magnetic-recording medium according to claim 7 characterized by being 
SiC, TiC, ZrC, and TaC. 

[Claim 12] The magnetic-recording medium according to claim 8 characterized by having a soft magnetism layer 
directly under the above-mentioned substrate layer. 

[Claim 13] The above-mentioned soft magnetism layer is a magnetic-recording medium according to claim 12 
characterized by consisting of NiFe, CoZr, FeN, or NiFeTa. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic-recording medium used for a hard disk, a magnetic tape, a 

floppy (trademark) disk, a magneto-optic disk, etc. 

[0002] 

[Description of the Prior Art] The heat demagnetization to which record magnetization decreases the magnetic recording 
within a field about a magnetic-recording medium in connection with the densification of recording information 
according to the passage of time is posing a problem. 

[0003] There is a vertical magnetic recording as one of the technique of solving the trouble of the magnetic recording 
within a field over this magnetic-recording medium. As a magnetic material of this magnetic-recording medium for 
vertical magnetic recordings, the CoCr alloy is studied widely. 

[0004] However, since the perpendicular magnetic anisotropy of the CoCr alloy as a magnetic material of the magnetic- 
recording medium for vertical magnetic recordings is smaller than saturation magnetization, it has the fault that a 
perpendicular remanence ratio is not set to 1 . For this reason, a reversal magnetization field generates the magnetic layer 
of a CoCr alloy in a long wavelength record part, and it is known that it will cause a noise. 

[0005] In order to solve this problem, as such a magnetic layer, there is a laminating magnetic layer which carried out 
the laminating of Co, Pt, or the Pd by turns that what is necessary is just to use the big ingredient of a perpendicular 
magnetic anisotropy as a magnetic layer of the magnetic-recording medium for vertical magnetic recordings. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, since there is little generating of the noise in a laminating 
magnetic-recording layer since the magnetic-recording medium which has the laminating magnetic-recording layer 
which carried out the laminating of this Co, Pt, or Pd by turns is larger than the anti-field to which the perpendicular 
magnetic-anisotropy field of a laminating magnetic-recording layer originated in saturation magnetization enough but 
on the other hand there are many transition noises, there is a problem of being unsuitable in short wavelength record. 
[0007] Therefore, in view of this point, in the magnetic-recording medium which has the laminating magnetic-recording 
layer which carried out the laminating of Co, Pt, or the Pd by turns, the transition noise in a laminating magnetic- 
recording layer decreases sharply, and this invention aims at offering the suitable magnetic-recording medium for the 
short wavelength record excellent in S/N. 
[0008] 

[Means for Solving the Problem] Pt layer or Pd layer, and Co layer consist of artificial grid film by which the laminating 
was carried out by turns, and the magnetic-recording medium concerning this invention is characterized by having the 
vertical-magnetic-recording film which comes to contain B and O. 

[0009] The magnetic-recording medium concerning this invention consists of artificial grid film with which the 
laminating of Pt layer or Pd layer, and the Co layer was carried out by turns as a laminating magnetic-recording layer, 
and in order to have the vertical-magnetic-recording film which comes to contain B and O further, the transition noise in 
a laminating magnetic-recording layer decreases sharply. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of concrete operation of this invention is explained with reference 
to a drawing. 

[001 1] An example of the gestalt of operation of this invention is explained with reference to drawing JL . The magnetic- 
recording medium 1 shown in drawing 1 is equipped with a substrate 2, the glue line 3 formed on the substrate 2, the 
substrate layer 4 formed on the glue line 3, the laminating magnetic-recording layer 5 formed on the substrate layer 4, 
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and the protective layer 6 formed on the laminating magnetic-recording layer 5, and is constituted. 

[0012] Although a substrate 2 changes with classes of magnetic-recording medium, a glass plate is used for it here, for 

example. 

[0013] A glue line 3 is formed in order to heighten the junction force of a substrate 2 and the substrate layer 4. Although 
the quality of the material of a glue line 3 changes with classes of a substrate and substrate layer 4, when a substrate 2 is 
a glass plate, as a glue line 3, Ti can be used, for example and the thickness is lnm. 

[0014] The substrate layer 4 is constituted by the ingredient containing the metal which has face centered cubic 
structure. Specifically as such an ingredient, Pd, Pt, Au, Ag, Rh, and Ir can be mentioned. Moreover, the ingredient 
which cannot receive chemical change of oxidation, nitriding, etc. easily is chosen, and especially these ingredients can 
also use these alloys. Here, the thickness is set to 20nm, using Pd as a substrate layer 4. 

[0015] The laminating magnetic-recording layer 5 consists of artificial grid film with which the laminating only of the 
number of layers predetermined in Pt layer ** and Co layer was carried out by turns. And let this artificial grid film be 
the perpendicular magnetic anisotropy films for vertical magnetic recordings corresponding to high density record. 
Here, it comes by turns, as for the laminating magnetic-recording layer 5, to carry out the laminating of every 20 layers 
of the Pt layers 0.6nm Co layer and whose thickness thickness is 0.6nm, respectively, for example. Moreover, Pd layer 
etc. may be used instead of Pt layer. 

[0016] Covering formation of the protective layer 6 is carried out on the laminating magnetic-recording layer 5. As an 

ingredient of this protective layer 6, C can be used, for example and that thickness is lOnm. 

[0017] Here, this magnetic-recording medium 1 is characterized by the laminating magnetic-recording layer 5 

containing B element and O element in that layer. And B element and O element reach with Co layer which is the 

component of the laminating magnetic-recording layer 5, and are contained to the both sides of Pt layer. 

[001 8] The crystallographic isolation of this magnetic-recording medium 1 of Pt particle which is a magnetic particle, 

and Co particle improves by containing B element and O element in the laminating magnetic-recording layer 5. And this 

crystal grain child's crystallographic isolation produces magnetic isolation of the crystal grain child concerned. 

Consequently, the transition noise in the laminating magnetic-recording layer 5 decreases, and it becomes possible to 

raise S/N of this magnetic-recording medium 1. 

[0019] Here, as for the content of B element in the laminating magnetic-recording layer 5, and O element, it is desirable 
to carry out to below 1 5 atom % more than 1 atom % about B element. 

[0020] This cannot fully raise the crystallographic isolation of Pt particle which is a magnetic particle, and Co particle, 
when the content of B element in the laminating magnetic-recording layer 5 is under 1 atom %. And it is because the 
effectiveness of decreasing the transition noise in the laminating magnetic-recording layer 5, and as a result raising a 
S/N ratio cannot fully be acquired. Moreover, a perpendicular magnetic anisotropy deteriorates because B element with 
them advances into a crystal grain child. [ superfluous when there are more amounts of content of B element in the 
laminating magnetic-recording layer 5 than 15 atom % ] Consequently, it is because a perpendicular remanence ratio 
becomes one or less and S/N falls. 

[0021] And let content mentioned above be the range mentioned above in each Pt layer of the laminating magnetic- 
recording layer 5, and each Co layer, the magnetic-recording medium 1 — every of the laminating magnetic-recording 
layer 5 ~ Pt layer and every - it is because the effectiveness mentioned above can be acquired certainly by making Co 
layer contain B element in the range mentioned above. 

[0022] Moreover, as for the content of O element in the laminating magnetic-recording layer 5, it is desirable to carry 
out to below 10 atom % more than 0.1 atom %. 

[0023] This cannot fully raise the crystallographic isolation of Pt particle which is a magnetic particle, and Co particle, 
when O element content in the laminating magnetic-recording layer 5 is under 1 atom %. And it is because the 
effectiveness of decreasing the transition noise in the laminating magnetic-recording layer 5, and as a result raising a 
S/N ratio cannot fully be acquired. Moreover, a perpendicular magnetic anisotropy deteriorates because O element with 
it advances into a crystal grain child. [ superfluous when there is more content of O element in the laminating magnetic- 
recording layer 5 than 10 atom % ] Consequently, it is because a perpendicular remanence ratio becomes one or less and 
S/N falls. 

[0024] And let content mentioned above be the range mentioned above in each Pt layer of the laminating magnetic- 
recording layer 5, and each Co layer, the magnetic-recording medium 1 - every of the laminating magnetic-recording 
layer 5 — Pt layer and every — it is because the effectiveness mentioned above can be acquired certainly by making Co 
layer contain O element in the range mentioned above. 

[0025] Moreover, the substrate layer 4 mentioned above may be constituted by the ingredient with which the ingredient 
mentioned above contained B element and O element as shown in drawing 2 . By being constituted with the ingredient 
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which requires the substrate layer 4, it is because the transition noise seen by the laminating magnetic-recording layer 5 
which consists of a Pt layer and a Co layer can be decreased and a S/N ratio can be raised. This is because the isolation 
of the crystal grain is raised and the isolation of the crystal grain of the laminating magnetic-recording layer 5 formed on 
the substrate layer 4 concerned is raised, when the substrate layer 4 contains B element and O element. 
[0026] As for the content of B element in the substrate layer 4 mentioned above, and O element, at this time, it is 
desirable to carry out to below 30 atom % more than 1 atom % about B element. 

[0027] Since this cannot fully raise the isolation of the crystal grain of the substrate layer 4 when the content of B 
element in the substrate layer 4 is under 1 atom %, the isolation of the crystal grain of the laminating magnetic- 
recording layer 5 formed on the substrate layer 4 is not fully raised. And it is because the effectiveness of, decreasing 
the transition noise seen by the laminating magnetic-recording layer 5 as a result, and raising a S/N ratio cannot be 
acquired. Moreover, when there are more amounts of B element made to contain in the substrate layer 4 than 30 atom 
%, it is because the crystal grain size of a substrate layer becomes uneven, consequently the crystal grain size of the 
laminating magnetic-recording layer 5 becomes uneven and a S/N ratio falls. 

[0028] Moreover, as for the rate of O element made to contain in the substrate layer 4, it is desirable to carry out to 
below 30 atom % more than 0.1 atom %. Since this cannot fully raise the isolation of the crystal grain of the substrate 
layer 4 when the amount of O element made to contain in the substrate layer 4 is under 1 atom %, the isolation of the 
crystal grain of the laminating magnetic-recording layer 5 formed on the substrate layer 4 is not fully raised. And it is 
because the effectiveness of, decreasing the transition noise seen by the laminating magnetic-recording layer 5 as a 
result, and raising a S/N ratio cannot be acquired. Moreover, when there are more amounts of O element made to 
contain in the substrate layer 4 than 30 atom %, it is because the crystal grain size of a substrate layer becomes uneven, 
consequently the crystal grain size of the laminating magnetic-recording layer 5 becomes uneven and a S/N ratio falls. 
[0029] And by using together the substrate layer 4 containing the laminating magnetic-recording layer 5, B element, and 
O element containing B element and O element which were mentioned above, the transition noise seen by the 
laminating magnetic-recording layer 5 is decreased, and it becomes possible to heighten further the effectiveness of 
raising a S/N ratio. 

[0030] Moreover, the substrate layer 4 mentioned above may consist of composite-material layers which become any of 
the metal of the face centered cubic structure of Pd, Pt, Au, Ag, Rh, and Ir to be from which [ of oxides such as Si02, 
aluminum 203, MgO and Ti02, Li20, CaO, ZnO and ZrO, Y203 and HfO ] composite material. The transition noise 
seen by the magnetic-recording medium which has the laminating magnetic-recording layer 5 which the substrate layer 
4 turns into from Pt layer and Co layer by having this configuration can be decreased greatly. Moreover, which [ of 
nitrides such as Si3N4, and A1N, BN, TiN, ZrN, GaN, ] composite material is sufficient as the composite material 
mentioned above with any of the metal of the face centered cubic structure of Pd, Pt, Au, Ag, Rh, and Ir they are, and 
which [ any of the metal of the face centered cubic structure of Pd, Pt, Au, Ag Rh, and Ir and / of carbide such as SiC, 
TiC, ZrC, and TaC, ] composite material is sufficient as it. In any case, any of the metal of the face centered cubic 
structure of Pd, Pt, Au, Ag, Rh, and Ir their being and the same effectiveness as the case of which [ of oxides, such as 
Si02, aluminum 203, MgO and Ti02 Li20, CaO, ZnO and ZrO, Y203, and HfO, ] composite material can be acquired. 

[0031] Furthermore, in this magnetic-recording medium, when it has the substrate layer 4 which consists of composite 
material mentioned above, as shown in drawin g 3 , a soft magnetism layer may be allotted to directly under [ of the 
substrate layer 4 ], i.e., the laminating magnetic-recording layer 5 and the opposite side. Usually, if a soft magnetism 
layer is allotted to the magnetic-recording layer bottom for vertical recording, it is known that record transition can be 
written clearly, but on the other hand the noise of a magnetic-recording layer increases in many cases. Then, as 
mentioned above, the noise generated in a magnetic-recording layer can be reduced by having the substrate layer 4 
which consists of composite material mentioned above between a soft magnetism layer and the laminating magnetic- 
recording layer 5. That is, it becomes possible to write record transition clearly, without making the noise of a magnetic- 
recording layer increase. 

[0032] When the thickness of the substrate layer 4 which consists of composite material is thinner than lnm at this time, 
the noise reduction effectiveness is not acquired, but when thicker than 30nm, the distance between the laminating 
magnetic-recording layer 5 and a soft magnetism layer separates too much, and the effectiveness by the soft magnetism 
layer mentioned above becomes small. Therefore, when it has a soft magnetism layer, as for the thickness of the 
substrate layer 4 which consists of composite material, it is desirable to be referred to as lnm or more and 30nm or less. 
[0033] In the example of drawing 3 , thickness uses 0.6nm Pd layer and the thing to which the laminating of the 0.6nm 
Co layer was carried out at a time for 20 thickness by turns, respectively as a laminating magnetic-recording layer 5 as a 
composite-material layer using the layer whose thickness is 20nm (Au+Si02), using for example, a NiFe layer as a soft 
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magnetism layer. 

[0034] Moreover, in drawin g 3 , as a soft magnetism layer, although the NiFe layer is used, CoZr, FeN, NiFeTa, etc. can 

also be used for the ingredient used for a soft magnetism layer, without being limited to this. 

[0035] 

[Example] Hereafter, this invention is explained based on a concrete example. 

[0036] In the <example 1> example 1, the magnetic-recording medium which made the perpendicular magnetic 
anisotropy films which are laminating magnetic-recording layers contain B element and O element was produced. 
[0037] The magnetic-recording medium formed and produced the substrate layer and the laminating magnetic-recording 
layer in this order by RF spatter on the glass substrate with a diameter of 2.5 inches. The perpendicular magnetic 
anisotropy films which consist of artificial grid film constituted the laminating magnetic-recording layer. The 
presentation of each class and the configuration were set to x(CoBO:0.4 nm/PdBO:0.6nm)20/Pd:20nm, and produced 
the magnetic-recording medium 1 which consists of cross-section structure shown in drawing 4 . 
[0038] Membrane formation conditions were set to ultimate- vacuum :8xlO-5Pa and injection power: 120W before 
sputtering. For the substrate layers 4, Pd target and for the laminating magnetic-recording layers 5, as shown in drawing 
4 , the target which arranged four B chips of 1cm angle was used for the sputtering target on Co target and Pd target. 
Membrane formation of the substrate layer 4 was performed by 2Pa sputtering gas ** into Ar ambient atmosphere, and 
membrane formation of the laminating magnetic-recording layer 5 was performed by 2Pa sputtering gas ** into the 
ambient atmosphere (Ar+02). The mass flow rate ratios 02/Ar of Ar and 02 could be 0.2%. 
[0039] Moreover, when a chemical analysis, an energy dispersion nature X-ray (referred to as EDX below Energy- 
dispersive x-ray:.), and secondary ion mass spectrometer (referred to as SIMS below Secondary ion mass 
spectrometer:.) investigated the content of B element in the laminating magnetic-recording layer 5 of the produced 
magnetic-recording medium 1, and O element, the content of B element was three atoms %, and the content of O 
element was 0.3 atoms %. 

[0040] the coercive force He of the perpendicular direction of the magnetic-recording medium 1 produced in the above, 
and the ratio of a signal pair noise — the result of having investigated S/N is shown in Table 1 . Here, S/N rotated the 
magnetic-recording medium 1 so that the relative velocity to the magnetic head might become 1 5 m/sec, it recorded the 
signal whose frequency is 50MHz on the magnetic-recording medium with the magneto-resistive effect mold head (MR 
head) whose recording track width of face is 1.2 micrometers, and determined it as the ratio of the 50MHz signal in the 
regenerative signal, and the noise reinforcement which integrated with the noise from 0Hz to 80MHz. 
[0041] 
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[0042] The transition noise is improved remarkably, the magnetic-recording medium 1 produced in the example 1 
holding the value of the practical level which is stable to thermal disturbance and can be recorded [ that He is magnetic 
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and ] by the conventional recording head. Consequently, S/N shows 28dB and a good value. 

[0043] The magnetic-recording medium was produced like the example 1 except having set the <example 2> substrate 
layer to Pt 

[0044] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 1 was acquired. 

[0045] The magnetic-recording medium was produced like the example 1 except having set the <example 3> substrate 
layer to Au. 

[0046] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 1 was acquired. 

[0047] The magnetic-recording medium was produced like the example 1 except having set the <example 4> substrate 
layer to Ag. 

[0048] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 1 was acquired. 

[0049] The magnetic-recording medium was produced like the example 1 except having set the <example 5> substrate 
layer to Rh. 

[0050] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 1 was acquired. 

[0051] The magnetic-recording medium was produced like the example 1 except having set the <example 6> substrate 
layer to Ir. 

[0052] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 1 was acquired. 

[0053] In the <example 7> example 7, the magnetic-recording medium which made the both sides of the perpendicular 
magnetic anisotropy films which are laminating magnetic-recording layers, and a substrate layer contain B element and 

0 element was produced. 

[0054] The magnetic-recording medium was produced like the example 1 . The presentation of each class and the 
configuration were set to x(CoBO:0.4 nm/PdBO:0.6nm)20/PdBO:20nm, and produced the magnetic-recording medium 

1 which consists of cross-section structure shown in drawin g 5 . 

[0055] For the substrate layers 4, as shown in drawin g 6 , the target which arranged four B chips of 1cm angle was used 
for the sputtering target on Co target and Pd target at the target and the object for the laminating magnetic-recording 
layers 5 which arranged four B chips of 1cm angle on Pd target as shown in drawing 6 . 

[0056] Moreover, when a chemical analysis, and EDX and SIMS investigated the content of B element in the laminating 
magnetic-recording layer 5 of the produced magnetic-recording medium 1, and O element, the content of B element was 
three atoms %, and the content of O element was 0.2 atoms %. 

[0057] the coercive force He of the perpendicular direction of the magnetic-recording medium 1 produced in the above, 
and the ratio of a signal pair noise — the result of having investigated S/N is collectively shown in Table 1. Here, S/N 
was calculated like the example 1 . 

[0058] Rather than the magnetic-recording medium which produced the magnetic-recording medium produced in the 
example 7 in the example 1, a transition noise is improved further and S/N shows 30dB and a good value. The isolation 
of the crystal grain of the Co/Pd laminating magnetic-recording layer which carried out the laminating was raised more 
on it by the isolation of the crystal grain of a substrate layer having been raised by this magnetic-recording layer by 
making Pd substrate layer contain B element and O element. And as a result, the transition noise in a laminating 
magnetic-recording layer decreases, and it is thought that S/N improved. 

[0059] The magnetic-recording medium was produced like the example 7 except having set the <example 8> substrate 
layer to PtBO. 

[0060] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 7 was acquired. 

[0061] The magnetic-recording medium was produced like the example 7 except having set the <example 9> substrate 
layer to AuBO. 
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[0062] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise ~ when S/N was investigated, effectiveness equivalent to an example 7 was acquired. 

[0063] The magnetic-recording medium was produced like the example 7 except having set the <example 10> substrate 
layer to AgBO. 

[0064] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 7 was acquired. 

[0065] The magnetic-recording medium was produced like the example 7 except having set the <example 1 1> substrate 
layer to RhBO. 

[0066] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 7 was acquired. 

[0067] The magnetic-recording medium was produced like the example 7 except having set the <example 12> substrate 
layer to IrBO. 

[0068] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 7 was acquired. 

[0069] In the <example 13> example 13, the content of B element in a laminating magnetic-recording layer investigated 
about the effect which it has on S/N. 

[0070] The magnetic-recording medium fixed the content of O element in a laminating magnetic-recording layer to 0.2 
atom %, and produced eight kinds of magnetic-recording media like the example 1 except changing the content of B 
element with zero atom %, 0.5 atoms %, 0.7 atoms %, one atom %, 1.8 atoms %, three atoms %, 4.3 atoms %, and 
pentatomic %. The presentation of each class and the configuration were set to x20/Pd:20nm like the example 1 
(CoBO:0.4 nm/PdBO:0.6nm), and produced the magnetic-recording medium 1 which consists of cross-section structure 
shown in drawing 4 . 

[0071] The content of B element in the laminating magnetic-recording layer 5 was controlled by the number of B chips 
arranged on a sputtering target, and the content of O element was controlled by the mass flow rate ratio (02/Ar) of Ar 
and 02. 

[0072] The content of B element in the laminating magnetic-recording layer 5 of the magnetic-recording medium 1 and 

0 element was synthetically analyzed using a chemical analysis, an energy dispersion nature X-ray (Energy-dispersive 
x-ray:EDX), and secondary ion mass spectrometer (Secondary ion mass spectrometenSIMS). 

[0073] the ratio of the signal pair noise of the perpendicular direction of eight kinds of magnetic-recording media 
produced in the above - the result of having investigated S/N is shown in dra wing 7 . Here, S/N was calculated like the 
example 1 . 

[0074] drawing 7 shows that S/N goes up rapidly near 1 atom %, and the content of B element serves as a value of about 

1 law in beyond it. The result of having changed O element content and having investigated the critical value of B 
element content to which this S/N goes up is shown in drawing 8 . When the content of O element was more than 0.1 
atom %, it was not dependent on the content of O element, and the critical content of B element whose S/N improves 
was almost fixed, so that drawing 8 might show. 

[0075] The above result shows that the content of B element required in order to isolate the crystal grain child of a 
laminating magnetic-recording layer is more than 1 atom %. This condition was the same as the conditions which the 
crystal grain child of the substrate layer which consists of PdBO in the example 7 mentioned above isolates. 
[0076] In the <example 14> example 14, the content of O element in a laminating magnetic-recording layer investigated 
about the effect which it has on S/N. 

[0077] The magnetic-recording medium fixed the content of B element to 3 atom %, and produced eight kinds of 
magnetic-recording media like the example 1 except changing the content of B element with zero atom %, 0.05 atoms 
%, 0.08 atoms %, 0.1 atoms %, 0.2 atoms %, 0.3 atoms %, 0.37 atoms %, and 0.48 atom %. The presentation of each 
class and the configuration were set to x20/Pd:20nm like the example 1 (CoBO:0.4 nm/PdBO:0.6nm), and produced the 
magnetic-recording medium 1 which consists of cross-section structure shown in drawing 4 . 

[0078] The content of B element in the laminating magnetic-recording layer 5 was controlled by the number of B chips 
arranged on a sputtering target, and the content of O element was controlled by the mass flow rate ratio (02/Ar) of Ar 
and02. 

[0079] The content of B element in the laminating magnetic-recording layer 5 of the magnetic-recording medium 1 and 
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O element was synthetically analyzed like the example 13 using a chemical analysis, and EDX and SIMS. 
[0080] the ratio of the signal pair noise of the perpendicular direction of eight kinds of magnetic-recording media 
produced in the above — the result of having investigated S/N is shown in drawin g 9 . Here, S/N was calculated like the 
example 1. 

[0081] drawing 9 shows that S/N goes up rapidly near 0.1 atom %, and the content of O element serves as a value of 
about 1 law in beyond it. The result of having changed B element content and having investigated the critical value of O 
element content to which this S/N goes up is shown in drawing 10 . When the content of B element was more than 1 
atom %, it was not dependent on the content of B element, and the critical content of B element whose S/N improves 
was almost fixed, so that drawin g 10 might show. 

[0082] The above result shows that the content of O element required in order to isolate the crystal grain child of a 
laminating magnetic-recording layer is more than 0.1 atom %. This condition was the same as the conditions which the 
crystal grain child of the substrate layer which consists of PdBO in the example 7 mentioned above isolates. 
[0083] In the <example 15> example 15, the perpendicular magnetic anisotropy films which are laminating magnetic- 
recording layers were made to contain B element and O element, and the magnetic-recording medium using the 
compound substrate layer which carried out coincidence membrane formation of Pd and Si02 as a substrate layer 
further was produced. 

[0084] The presentation of each class of a magnetic-recording medium and the configuration were set to x(CoBO:0.4 
nm/PdBO:0.6nm)20/Pd+SiO2:20nm, and produced the magnetic-recording medium which consists of cross-section 
structure shown in drawing 1 1 . 

[0085] And the compound substrate film was produced like the example 1 except having formed membranes by RF 
magnetron sputtering using the target which has arranged the chip of Pd on the target of Si02. The configuration of the 
compound substrate film is SiO2:50% Pd:50% in a volume ratio. 

[0086] Moreover, when a chemical analysis, and EDX and SIMS investigated the content of B element in the laminating 
magnetic-recording layer 5 of the produced magnetic-recording medium 1, and O element, the content of B element was 
three atoms %, and the content of O element was 0.2 atoms %. 

[0087] the coercive force He of the perpendicular direction of the magnetic-recording medium 1 produced in the above, 
and the ratio of a signal pair noise ™ the result of having investigated S/N is collectively shown in Table 1 . Here, S/N 
was calculated like the example 1 . 

[0088] A transition noise is farther improved rather than the magnetic-recording medium which produced the magnetic- 
recording medium 1 produced in the example 15 in the example 1, and S/N shows the good value of 31dB almost 
equivalent to the magnetic-recording medium of an example 7. By having used the Pd+Si02 compound substrate layer 
as a substrate layer 4, the isolation of the crystal grain in the CoBO/PdBO laminating magnetic-recording layer 5 is 
raised more compared with an example 1, a transition noise decreases sharply as the result, and this is considered that 
S/N improved. 

[0089] The magnetic-recording medium was produced like the example 15 except having made the <example 16> 
substrate layer into Pt+Si02. 

[0090] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise -- when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0091] The magnetic-recording medium was produced like the example 15 except having made the <example 17> 
substrate layer into Au+A 1203. 

[0092] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0093] The magnetic-recording medium was produced like the example 15 except having made the <example 18> 
substrate layer into Ag+MgO. 

[0094] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - the place which investigated S/N - an example 15 -- equivalent effectiveness was 
acquired. 

[0095] The magnetic-recording medium was produced like the example 15 except having made the <example 19> 
substrate layer into Rh+Ti02. 

[0096] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 
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[0097] The magnetic-recording medium was produced like the example 15 except having made the <example 20> 
substrate layer into Ir+Li02. 

[0098] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0099] The magnetic-recording medium was produced like the example 15 except having made the <example 21> 
substrate layer into Pd+CaO. 

[0100] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0101] The magnetic-recording medium was produced like the example 15 except having made the <example 22> 
substrate layer into Pd+ZnO. 

[0102] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0103] The magnetic-recording medium was produced like the example 15 except having made the <example 22> 
substrate layer into Pd+ZrO. 

[0104] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0105] The magnetic-recording medium was produced like the example 15 except having made the <example 23> 
substrate layer into Pd+Y 203. 

[0106] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0107] The magnetic-recording medium was produced like the example 15 except having made the <example 24> 
substrate layer into Pd+HfO. 

[0108] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise ~ when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0109] The magnetic-recording medium was produced like the example 15 except having made the <example 25> 
substrate layer into Pd+HfO. 

[0110] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[01 1 1] The magnetic-recording medium was produced like the example 15 except having set the <example 26> 
substrate layer to Pd+Si3N4. 

[01 12] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise ~ when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0113] The magnetic-recording medium was produced like the example 1 5 except having made the <example 27> 
substrate layer into Pt+AIN. 

[0114] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[01 15] The magnetic-recording medium was produced like the example 1 5 except having made the <example 28> 
substrate layer into Au+BN. 

[01 16] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise ~ when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[01 17] The magnetic-recording medium was produced like the example 15 except having made the <example 29> 
substrate layer into Ag+TiN. 

[01 18] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 15 was 
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acquired. 

[0119] The magnetic-recording medium was produced like the example 15 except having made the <example 30> 
substrate layer into Rh+ZrN. 

[0120] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0121] The magnetic-recording medium was produced like the example 15 except having made the <example 31> 
substrate layer into Ir+GaN. 

[0122] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise ~ when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0123] The magnetic-recording medium was produced like the example 15 except having made the <example 32> 
substrate layer into Pd+SiC. 

[0124] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0125] The magnetic-recording medium was produced like the example 15 except having made the <example 33> 
substrate layer into Pt+TiC. 

[0126] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise - when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0127] The magnetic-recording medium was produced like the example 15 except having made the <example 34> 
substrate layer into Au+ZrC. 

[0128] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise « when S/N was investigated, effectiveness equivalent to an example 15 was 
acquired. 

[0129] The magnetic-recording medium was produced like the example 15 except having made the <example 35> 
substrate layer into Ag+TaC. 

[0130] the coercive force He of the perpendicular direction of the magnetic-recording medium produced in the above, 
and the ratio of a signal pair noise — when S/N was investigated, effectiveness equivalent to an example 1 5 was 
acquired. 

[0131] A substrate layer from the result of an example 15 thru/or an example 35 as mentioned above, with any of the 
metal of the face centered cubic structure of Pd, Pt, Au, Ag, Rh, and Ir they are Si02, aluminum 203, MgO and Ti02, 
Li20, CaO, ZnO, Any of the composite material which consists of composite material of a any of oxides, such as ZrO, 
Y203, and HfO, or, and the metal of the face centered cubic structure of Pt, Au, Pd, Ag, Rh, and Ir, the composite 
material of a any of nitrides, such as Si3N4, and A1N, BN, TiN, ZrN, GaN, or — or With any of the metal of the face 
centered cubic structure of Pt, Au, Pd, Ag, Rh, and Ir they are By constituting with the composite material of a any of 
carbide, such asSiC, TiC, ZrC, and TaC, or, the transition noise seen by the laminating magnetic-recording layer was 
decreased, and it was checked that the effectiveness of raising a S/N ratio can be acquired. 

[0132] In the <example 36> example 36, the bottom of a substrate layer was equipped with the soft magnetism layer 
which consists of NiFeTa, and the magnetic-recording medium by which the substrate layer and the laminating 
magnetic-recording layer were formed on it was produced. 

[0133] The presentation of each class of a magnetic-recording medium and the configuration were set to x(CoBO:0.4 
nm/PdBO:0.6nm)20/(Pd+SiO2):20 nm/nickel80Fel5Ta5:20nm, and produced the magnetic-recording medium 1 which 
consists of cross-section structure shown in drawin g 12 . 

[0134] And the soft magnetism layer was produced like the example 15 except having formed membranes by the spatter 
using nickel target, Fe target, and Ta target. 

[0135] Moreover, when a chemical analysis, and EDX and SIMS investigated the content of B element in the laminating 
magnetic-recording layer 5 of the produced magnetic-recording medium 1, and O element, the content of B element was 
three atoms %, and the content of O element was 0.2 atoms %. 

[0136] the ratio of the signal pair noise of the magnetic-recording medium 1 produced in the above — the result of 
having investigated S/N is collectively shown in Table 1. Here, S/N was calculated like the example 1 . 
[0137] The magnetic-recording medium 1 of an example 36 is using five layers of nickel80Fel5Ta which is a soft 
magnetism layer as a backing layer, since the transition region of the record magnetic domain in a laminating magnetic- 
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recording layer became clearer, improves further rather than an example 1, an example 7, and an example 15, and shows 
32dB and a good value. [ S/N's ] 

[0138] The magnetic-recording medium was produced like the example 36 except having set the <example 37> soft 
magnetism layer to CoZr. 

[0139] the ratio of the signal pair noise of the magnetic-recording medium produced in the above ~ when S/N was 
investigated, effectiveness equivalent to an example 36 was acquired. 

[0140] The magnetic-recording medium was produced like the example 36 except having set the <example 38> soft 
magnetism layer to FeN. 

[0141] the ratio of the signal pair noise of the magnetic-recording medium produced in the above - when S/N was 
investigated, effectiveness equivalent to an example 36 was acquired. 

[0142] As mentioned above, it was checked that can perform that the transition region of the record magnetic domain in 
a laminating magnetic-recording layer makes it clearer by equipping directly under [ of a substrate layer ], i.e., a 
laminating magnetic-recording layer and the opposite side, with a soft magnetism layer as a backing layer, consequently 
S/N is raised from the result of an example 36 thru/or an example 38. 

[0143] In the example of a <example of comparison> comparison, the perpendicular magnetic anisotropy films which 
are laminating magnetic-recording layers, and the conventional magnetic-recording medium 1 which does not make a 
substrate layer contain B element and O element were produced. 

[0144] The magnetic-recording medium was produced like the example 1 . The presentation of each class and the 
configuration were set to x(Co:0.4 nm/Pd:0.6nm)20/Pd:20nm, and produced the magnetic-recording medium 1 which 
consists of cross-section structure shown in drawing 13 . 

[0145] The sputtering target formed membranes in 2Pa Ar ambient atmosphere for the substrate layers 4 using Co target 
and Pd target in Pd target and the laminating magnetic-recording layers 5. <BR> [0146] the coercive force He of the 
perpendicular direction of the magnetic-recording medium 1 produced in the above, and the ratio of a signal pair noise - 
- the result of having investigated S/N is collectively shown in Table 1. Here, S/N was calculated like the example 1. 
[0147] Although the practical value stably recordable by the conventional recording head is shown to disturbance with 
the magnetic-recording medium 1 magnetic [ He ] and thermal produced in the example 1 of a comparison, a transition 
noise is large and, as a result, S/N shows 12dB and a small value. 

[0148] Here, in order to clarify the difference of the transition noise in the laminating magnetic-recording layer of the 
magnetic-recording medium of the example of a comparison, and an example 1, the fine structure of a laminating 
magnetic-recording layer was analyzed with the transmission electron microscope (Transmission electron 
microscope:TEM), and the example of a comparison was compared with the example 1. The observation result in TEM 
of an example 1 is shown in drawin g 14 , and the observation result in TEM of the example of a comparison is shown in 
drawing 15 . Consequently, in the example 1, the clearance was seen to crystal grain children having stuck in the 
example of a comparison in the grain boundary. 

[0149] Moreover, in order to clarify structure of the grain boundary of an example 1, it analyzed by high resolutions 
TEM and EDX. The analysis field of EDX includes the element information on both grain boundaries in crystal grain in 
the analysis field B, although the element information only in a crystal grain child is acquired in the analysis field A in a 
high-resolution TEM image by about 5nm. The analysis result of EDX in crystal grain is shown in drawing 16 , and the 
analysis result of EDX of the grain boundary is shown in drawi ng 17 . Moreover, the observation result in a high 
resolution TEM is shown in drawing 18 . 

[0150] A crystal grain child's surroundings are filled with the amorphous-like matter, and the high-resolution TEM 
image showed that crystal grain children were isolated crystallographically. 

[0151] Moreover, if an EDX spectrum is compared in crystal grain in a grain boundary, B element and O element will 
be detected only in a grain boundary, but it will be thought that the boron oxide phase deposits in the grain boundary. 
[0152] From these things, this analysis result shows that a role important for B element and O element isolating the 
crystal grain child of a laminating magnetic-recording layer is played. That is, this crystal grain child's crystallographic 
isolation produces magnetic isolation, as a result, a transition noise decreases, and it is thought that S/N improved. 
[0153] 

[Effect of the Invention] As mentioned above, as explained to the detail, the magnetic-recording medium concerning 
this invention consists of artificial grid film with which the laminating of Pt layer or Pd layer, and the Co layer was 
carried out by turns as a laminating magnetic-recording layer, and in order to have the vertical-magnetic-recording film 
which comes to contain B and O further, the transition noise in a laminating magnetic-recording layer decreases sharply. 

[0154] Therefore, according to this invention, the transition noise in a laminating magnetic-recording layer decreases 
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sharply, and becomes possible [ offering the suitable magnetic-recording medium for the short wavelength record 
excellent in S/N ]. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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